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(54) MIXER AND DIFFERENTIAL AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a mixer and a differential 
amplifier by which a cutoff frequency can be easily changed and 
whose circuits are small. 

SOLUTION: An NMOS transistor 1 1 to which RF signals are 
inputted, NMOS transistors 12 and 13 to which LO- signals and 
LO+ signals at a frequency shifted by a specified IF frequency with 
respect to the RF signals are inputted, a parallel resonant circuit 
14 as an output load which is composed of an active inductor 14- 
1, capacity element 14-2 and a resistor element 14-3 and a 
parallel resonant circuit 15 which is composed of an active 
inductor 15-1, a capacity element 15-2, and a resistor element 15- 
3, are provided. 
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[ IS*XS 2 ] 2 OC?)fi-^ ^A^lbT^il^2 ocofl-f- 

[00 0 1 ] 
[00 0 2] 

[fi£*OScffi] fi£*J:9. RF (Radio Freq 
u e n c y ) gflEHTCtt. SfiSflfcRFJBSaR^R 
Fft#fc, *ORF<I^£#LWj£<9I F ( 1 n t em 
ediate Frequency) il^ic^cft^tl^ 
ISSSfccOL O (Local Osci 1 lator)| 

[00 0 3] H7(4. RF«SIffl»*ttj£i-£ 
*i"H. B8I1 H7fc:^S^TRF(iWi Ffl 
^t^ynyy^b^l, £ ^ HT* £ • 

[0 0 04] H7fc:^rf S^-fl 0 ltcte. ^'J7t 
&&RFft-$fk N HSL&v^&ffilllB^feflX RFfI# 
fc:»LBr^ I FfflJ^^tiVtfeJSSRR^LOS^ 
AXZtl&o ^tlOKt RFfl^LOft-^fc* 
^ry^U, H8^t-i:^tc. RFff^JW)^^ 
LO«#o«^(?«^fflaHRT*6 I F 
& I FS#*»{B-r6. ■TcOi'SteLT. RFfiWI 

[0 0 0 5] ^dT\ ^yayy^hSfctia, I 

[0 0 0 6] H9(4, ^ti:^>MX7^^^ 
^?1*L Hi 0(4. I Ffl^Wh^fl-^^sv^v^Xy' 

[ 0 0 0 7 ] H 1 0 (fZTjk^fX oliZ^ R F fi#CO|fl«fcfi 
^Al, B 1 H 9 fcjjVf 5 1 0 1 

W4. ftf-A 1 , B 1 Sr^frRFff^fc LOffWA^ 
£*x&, ZVtitb. S^riM 0 1^(41 FiM^mHz 
flfA2, B2iffi^$fL^. A'yhVU7-f 
/Wl 0 2T«in^^fl#A2, B2£«R£^Tff-^ 
A3, B3m-^:i:J:^ I Ffi#fc*f?\&#W& 

[0 0 0 8] HI 1(4. H9^^r^>K^°x^^;l^^ 



[0 0 0 9 ] A'ypyU7^;^ 1 0 2(4, Hi 1 fciS 
tiofc, 81* : F102_1, 102^4tiatf 
102_2, 10 2_3K^I), V\b^&/\>^7lg 

2(4. HI 2fc*r$"±3fc:, ifE^i^yS^Offifcii 

o^4&*yb^7/aiag»f 1 , f2^,i: 

T\ gltfl0 2„l, 10 2„4«liKl, 
C2. &mmTl 02_2, 1 0 2_„3c0fitn:fISrR 
1 , R2h«h, htf^jajfcftf 1(4. 
[00 10] 

[1*1 ] 



[0011] h /7>y h^JIMftf 2(4, 

[0012] 

[»2] 



[00 13] t^h. 

[00 14] rtyYrtX? 1 0 2(1 Z-tL^iiv 

[ 0 0 1 5 ] Hi 3(4. Ull ^fv\>K^X:7 ;l/ 
^k(4fi&&A>HV\ 0 .X7 ^;l/^<Ofl|figSr^Hx HI 
4(4. HI 3£^1vs>j<vtx:7 4)\s?<nmW!m&$: 

[0016] HI 3t:ft^>H^7^^ 103 
(4. §if : rl0 3„l 1 10 3_4^ BJSflO 
3__2, 1 0 3^3 fc , ^7^71 0 3_5 k*»fe5: 
VvW9>*T?T"4 7VS>K^°X7 -r/k^T**. «r 
^A>^U7^/^ 1 0 3£>, HI lltZ^sOV^ 
X7J}V$ 1 0 2fc|s|«te s ^^y^y^coffitcj: 9£ 
££#'y h:*:7JS«»f 1 , f2^U 

^jsaas f i , f 2 ^j: &it^w«<!ojaaaR 

[ 0 0 1 7 ] HI 5(4, AW ^77 KM^>HV^y 4 
;^0«j&£^rT[*L HI 6(4. ^^77KIa>h 
7 >f /k^^Kf I) h 7 3 ^ - r yr^o 

[ 0 0 1 8 ] Hi 5\,Z7rctJ-W?y*/ YWOY^xy 
4)V? 10 4(4, h^yxayr^^—ryy 0 (or 

A:Operational Transconduc 
tance Amplifier) 10 4 _1, 104 
___2, 104__3t s Mff 104_4, 104„ 
5, 104„6, 10 4^7LfiSEifl0 4_8k 
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4;u9vt>i>. mm.m^Fi 0 4„4, io4_5, 
io4__6, io4„7ii thtemtmmmc*^ 

U 0 4_8l4«tt«R*frr*. 

[0019] bjyxxyyrf—Tyyi 04_i 
14. Hi 6tr^J:'3t. nmos h^y^x? l 04 

104_12, 104_13, 104__14, 
104__15, 104_16, 104_17, 104_ 
18, 1 0 4_1 9k> EMffiMl 0 4_20, 104 
_21, 104_22, 1 04„23h, jgfiiiit^ 1 0 
4^24, 1 04_2 5 fc*»&»j£3ilTV*&. NMO 
Sh7 >'i>\X^ 1 0 4_ 11, 1 0 4_ 1 2 tli luffl 
afS^fc 18 0° JiSr&fi-^ I N + , I N-ifiAJlZtl 
h« NMOSh^y^X^ 1 0 4__1 9£«. ^ 

yy°l 04__1J4„ NMOSh7y»^104_19 

yxayy??~-Tyy°l o 4_lc7)ffli;r7V^^^y 

g m = £ (Vf-Vs-Vt) 

k*§*l6* fit. yS^NMOS h 7 yyX^ 1 0 4_ 
1 9£>«BM*. VsliVs2 (Vsl>Vs2U#) t> U 
<J4Vs 1 (Vsl<Vs2B) Vsl, Vs 2 

fcL NMOS h^V^X^ 1 0 4_1 9C0HSSC0« 
J±) . VtliNMOS h^V^'X^ 1 04_1 9<7)t# 

[0020] ^ zzvi*. yyyy^yy?$-ry 
ri 0 4_lcOEl»Hfc: , ov^TSiHBUfc3& s , h^y^xn 
y^^ryri0 4„2, 1 4„3<^0^iii> h7 
yxayy??-Tyy a i o 4_i<^niiSlllfcl«I«T*fc 

*• 

[ 0 0 2 1 ] Ell 7J4 S HI 5^f^W ^V^y KM^ 

[00 2 2] zw<4?T7v Y^LrtVYrtxy 4)b$ 1 

v f <a«*SHfcS-£T h ^ a $—Tyy° l o 
4_1, 104_2, 1 04_3c50fflSnyy^^yj^ 
gm^^;bt*y h*:7JS«Rf o 1 ■ f 0 2Sr$iJ 

flr*"*«rk**t*&&. Wlitf. h7VX3y^^-r 
0 4_2^A*8^&JWB«EE«*Vf tRffcS 
El 1 7 fc^+'MBSR foil 
f 0 = gm2/2 ttC 

fc&S (fit. gm2ii:h^yxr7yr^^-rv7 o i 
04_2^ffli^y^^yx) . 

[00 2 3] ±tz, *vb*7f®m.f*lb*!vb* 

A f = gm2XR 

k3r£ e 
[00 24] 

[JSW^JSFRUidfc^-iiM] ±»UfcHl 1. Ell 



3^fAy^U7>f;^i0 2, i03t(t ^<?;> 
oT. *»yh3r7ffl»aSrS5gU«tdkUfc*&'. ;^y 

isy*mi L %<Dhco*mtt&ij^&fo&* cmosm 

ct 0 >y T (Cfp D Z a *l £ y n° «y 5/ 7W^fl 

S- & ft fc tt , r iz n° y y'm 

<n*i&*vi'7m=Pi*s *mik^vy°cr>mm$:&tb& 

[002 5 ] Ell 5^-T^W^V^y FMA>F 

^xy i)v?i 0 4T14. ^ -yb^y mmm^^mmi± 

fS^Vfflffl*t& z t & k V* o X U *y h WS>i> i><D 
CO, f^H^77H'lA>^U7>f;^ 104M 
VJyxxyjrpf—TyTl 04_1 , 104 
__2, 1 O4_3tOEIII«W4«9rc*0. 
y ? & 0 s fM-oT 0B3I8I**:*: § ^ k v ^ 

[0026] #3KHJ±, ±IBWltfc:»^ * >y h^7jf 

*v#*vmtoT y-nmsttt ztitmit^-& 0 

[0027] 

r- ^ y-f ^Sr^tfMWftfiiaBSflliteClk 
Sk^^>. 

[ o o 2 8 ] &tz, Ai%mm*mm-h^wmm$)T 
yy°l±, 2 -ocom^ &\?>Lxztno2 o^fi^^ 
SrfSKUTffi^^HiJTyr^^v^T. ffiMItt 

fciktwak-r-6. 

[0029] ^a^s^teit/iaBryrtts 
HB^ffls a y * y^mmm^z z -> x&xtzm 

STSSJ: dfc^&k s Ty'r 7W y?9 9<r>A yy 
7 -pyx L Srtt«^SS-ftS*-& «! k ^T"# 6 . , 

/<y hvt^ 7 -f k Jttt U, ^«*t^ >y r^Ha[*«/h 
S<T»tr. 
[0030] 

[oo3i]Hni s^^w 

[003 2 ] Hl^r^^^l 0(4. V^^^^y^ 
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««3RcOLO--(l-^*<A*Sil-6NMOS h^V^X* 
12k. f^LO LTfflffl^ 18 0° "fixfc 

LO + ftWA^StL&NMOSb^y^^ 1 3 fc# 

[00 3 3] 5*Mf 1 Ofcli. ««V DD fcNMO 

S^MM Odi lIV DD ^NMOSb7yyX^ l 3 

[00 34] MJIWJKEIBl 4Ji, Tf^riy^yy? 
^14_lk. S«§^14__2k. fi«SIH t 14_3 

*JBllI»14kH«'C* l 5. T9*r474>y?915 
SiSfl 5„2k. fitn:*^ 1 5_3hH 

[00 3 6] dcol32T1i, T^rOMy^^H 

[0037] 02 ^tT^f 4 9 1 4„ 1 

(gm) HIS#14__1 1, 14_12h,WSm 
=f-l 4_1 3a»&»j£3*lT^&, :«^fOMy 

[0 0 38] 
[»3] 



[0039] kH§ix& (fflU gml, -gm2(iffl 
S rj>-^ ? yxHK 1 4__1 1 , 14_12c0ffiS^? 

y^^yx, c L «® jBH* 1 4 _ 1 3 *w§y»rc* 
4) . 

[0040] T9f4 1 4__lc?) 

^fy^^yxLd Hfl)j:^cLtffiS3y^ 
?yxiUS&l 4__1 1 , 1 4___1 2(?M'Kui/y99> 

^a«»fi4_i 3^s«ic L £iirarr4£fcT 
[004 1 ] oeom*fi?¥fe:fflv^ii&My«* 

faun 14 ( t> l < im^mmmm 15)^ yt-^ 

[004 2] 
[»4] 



+ J2nC 



(4) 



[0043] fcasti&o <r<rx\ mmmmmi 4co 

[0 044] H3«. M#l#t»EBfa>M yb°-/yx^ 

[004 5] BSl3<?)«i»4«a»t^L, «»»4>f>e 
-^>XcOfI$r^ 0 £^M?!WJSII|»1 4T14s 1/ 

{ 2 tt/" ( LC ) } cOJB^£fcVvCffcfctf>>f yh°-r 
yxfZmax^U *tf)JS«3ft«k OR/ 2 ■ /" (C 
/L) W«V^if9ft*5J:VR/2 • /" (C/L) *fW 
ffiV*JS«ftfc*5H-&4 yt°-^>.Xfg^Zmax/ / v"2 
k»6* ^^10^ffi^m?^Cl^J:d^MI»iScMW 
tt£ fc fc-tir & d t X\ $ ^ 1 0 <0ffi;fcfl# @tt#J»S 

[0 0 4 6 ] H4Ji, Hlt:^S^WN>K^7 
-f;l/^WttSr5H"iaT p *>&. 

[0047] m4cotmummr^^L, tmmm 

(Gain) ^^'fo <r<IT\ A >y h^^jf^f 1 , 
f 2te„ 
[0048] 
[1(5] 



1 /? c 



(5) 



[0049] 
[1*6] 
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2szs!Zc 2 
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[0050] tmzti&o *m*»JBcos^i ot 

(4. dfcr^-r-f ^ y^^l 4_1 , 1 

5_ 1 ^KtWIny^7 * yx^iMSayf 

^ h*y««»fr_hiB3e ( 5 ) , * ( 6 ) commTmt 
?o*»iaBS:«Ki-&T^'r ^ 7W >y??e>®mmm 

[0 0 5 2] H5 ^tr^f 4 91A_1 
Its H2S:#{raLTRHJILfc«fc'3fc:s ffi^y^^y 
XH»14_11 > 14_12L ^fff 14_13 
*>fe«JGRSfLT^6. ffllny^7^y^[i]^i4^1 
ltts gtSI14„lla^ PMOSh7yyX^ 
14„llb, 14_llct, NMOSh7yyX^ 
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14_lld, 1 4_1 1 e bfrt>ffif&ZtlX^&. P 
MOShyy'Jx^ 1 4__1 1 ctll fl-BHI-f-i: LT 
WUTXn&Nh i as#*9anS*l&. *fcs ffll^ 
y^^yx«i4_i 2ii, 5EmSiIi4_i 2 a 

fflSay^^yxtUS^l 4„1 1 , 14_12<f*Vf 

14__llc, NMOSh7yy'X^ 1 4„1 2bcoffl 

^offlS^ y^^y xiiisgi 4__1 1 , 14_12fc8E 
•fvSW TXlEfi«Sr_hiEA>f TX«ffiV biases 
TWW^&ii:^ PMOSh^y^?14„ll 
c, NMOSh9V^^14_12b^)ffllaV^ 

i a_i commm&tnmrefoh* tti, zzx 
iWfllt-SWCKW Lfc**. ffi^ y^? * yxnjff# l 4 

_ 1 1 . 1 4_ 1 2 CSt^-i TXlIS**l-»*»feffi» 
[00 53] dtc. T^r-^y^ y?'7? 1 4„ 

i. i5_iii ^^h7y^^itawy^ 
l, Ell 3, Hi 5(^tA'yH/U7 ^;^fcifc« 
[00 54] ffl. 2fc|eBBBffi*ci4, yy/^^yx k 

[ o o 5 5 ] 06i4. ^mco-mmmmcommryr 
[00 56] 06 nz^tmuryy 2 o jesses 

2 1 1. ffifi^SVHCl 8 0* *3r*fM-l N-, IN 
+* J A*8il6NMOSh7>'yx^2 2, 23^:, I 
iiV DD ^NMOS h^y^^2 20|HfcEaS*tfca} 
*ftffiffcLT<50M^JiyBlll»2 4i:, tSV DD fcNMO 

shyy'jx9 2 3com^nm^tLfz^n^t lx<o 

[0 0 5 7] MJ?!*fiB»2 4«: s 7^f^7"-{y^ 
^24_U, Sfi^T-24_2^ s JSK*^24_3 
fc*>fe«dcS*lTV^&o M#l5H3Big»2 5«. T 

^fOMy^^25„l fc N ^fiS-^2 5„2h. 

mzm?2 5__3bfrt>mf$ t $tix^h<, ztit>mm 
mmm 24,25 coiw^wtgw. mm u^mmmm 

» 1 4 , 1 5 (7) h H«T *> & 3tftKBHtt««^ & 

£\ m)Tyy°2 0coiti^MmblXZco^d^mi^ 
JREHS&2 4. 2 5 £±9. HaaSUte$*1>- 



[0058] ^mmmmcD$^r 1 oaxx/mmTyy 
2oxn, sttnmthx. r^fo'wy^^^ 
^wm^mi.hitx^htz^, ;*y Y^xy i)v? 
cr)% ^ b*7mmm*9mmxmM~t&zb&x% 

h« Sot, M3tn^hof^a^J:^mWHl^M«l 

iktmtytiho ttz, m&cD^vi/ym^m^tz^y 
xffifr, ¥mft^vy°<oxxh<vimfci)mt>tiz> . 

[0059] 

[01 ] *^<^-^m^$^^«j£^^iiT 
[02] Hifc^t- r^ir^y-f yy?wim$Lhmu 

[03 ] MW*jBHKtf>>f y t-^yxo«««E»ttSr 

[04 ] 0 1 ^t^-W^'y v^xy 4 
yf&mxt> 8 o 

[05 ] 0 1 fcSrTS ^tttcfflS*. feixfcMWftJRBBS: 

» dw-s r ? t* 4 yj yy? 9 commxh h . 
[06] *»w^**l^coi6ttryr^»«t^ 

[07 ] S^tiS^ER* 

80 

[08] @7t:St S^T'RFfi^I Fff^h^ 

^y3y;*-hS*i&«?*^0T*>&. 
[09] S^tAyFnx^-f^tS: ^ 0T* 
80 

[010] if fi^-^cofl^-^v s> jsv « 7 >r r 
[01 1] m9\ t zirct^yY^xy 4)V9<nmf6&7&t 

mxfoh* 

[012] 01 1 ^tA'yK;U7 4)V?<KMmm 

[01 3] 01 i\z^^yv^xy j )V9 bimtzh 
) <y ^x y ^ )V9 com rS&^vctmxfo h . 
[014] 01 3^^<yF^ 0 x^^^^coMl^fcW 

[015] A^7 7v H^<ybV«7^;^<0**** 
[016] ^V>y HlA>bVU7 -f^^tflRR-r 

I>b7yx3 y^7 9— T yycom^fflXfo h „ 

[017] 01 5K*tAM ^7 y 
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1 0 S^Mf 
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14_1, 15__1. 24_1, 25__1 T?ir47 



14__2, 14_13, 15_2, 24_2, 25_: 

14_3, 15__3, 24„3, 2 5_3 $cK«^ 
I4_.ll, 14__12 fflSay^^y^pgiB 

14__lla, 14„12a, 2 1 ^mSKW 
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